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Chapter 1

Introduction

This report will describe two improvements to the “Electromagnetic Surface
Patch” or ESP code. ESP is a user oriented computer code, based upon the
method of moments (MM) [1], for the analysis of thin wires and polygonal
plates. ESP has been distributed to over 100 users in industry, government,
and universities. '

The latest version, ESP Version IIl, was released in May 1987 [2]. In
brief, ESP Version IIl can treat geometries consisting of:

1.

2

3.
4.

5.

thin wires with finite or perfect conductivity and lumped loads,

. perfectly conducting polygonal plates,

wire/plate junctions (at least 0.1 A from a plate edge)

plate/plate junctions, includiug several plates which intersect along a
common edge,

excitation by either a plane wave or a delta gap voltage generator.

ESP 111 is capable of computing most of the quaatities of engineering in-
terest inclnding:

1.
2.
3.

current distributions,
input impedance, input admittance, and radiation efficiency,

mutual coupling,




4. far zone gain patterns (both polarizations)
5. far zone plane wave scattering patterns (full scattering matrix).

Notice that ESP III can only treat perfectly conducting plates. However,
using the sheet impedance approximation we have modified the code so that
it can treat electrically thin dielectric plates. The dielectric plates may be
lossy. Also ESP III can only compute far zone radiation and scattering
patterns. However ESP has now been modified to be able to compute near
zone radiation and scattering patterns, including the radial component of
the field. By near zone patterns we mean that the field point can be the in
near zone of the radiating antenna or scatterer. These two modifications
have been incorporated into the ESP code, and will become part of ESP
Version IV. All of the numerical data in this report was run with this
preliminary version of ESP IV, Although it will not be described in this
report, ESP has also been modified so that it cau efficiently generate data
over a wide frequency bandwidth {3].

In this report all fields and currents are time harmouie, with the e
time dependence suppressed.




Chapter 2
Modifications to ESP

2.1 Near Zone Fields

As mentioned above, previous versions of the ESP code are limited to com-
puting far zone patterns. That is, the field point is at an infinite radius
from the radiating or scattering body. However, we have now increased the
eenerality of the ESP code by allowing the field point to be at a finite ra-
dius from the body. While in the {ar zone only the transverse components
of the fields are nonzero, in the near zone the nongero radial coraponent is
computed,

Gain and radar cross-section (RCS) at a near zone field point will now be
defined so that they are consistent with the usual far zone definitions. We
- will start with the definition of gain. Thus we consider an antenna excited
by a generator and which radiates an electric field, B(r,0, ), which is a
function of the spherical (r,8, &) coordinates of the field point. Let £(r,8, )
denote a given polarization of the vector electric field. It is well known that
in the far zone (i.e., in the limit as r — oo) the radial dependence of the
field is simply

e [r.

For this veason, in the far 2one, the rlectric field is neually written as

-pke
Eir,0,6) = “—Ep(8,¢), (2.1)

where Ep is referred to as the far zone electric field and is independent of
r. From Equation 2.1, the far zoue electric field is related to the actual

3




electric field by
Ep(6,¢) = lim re’" E(r,0,8). (2.2)

The far zone zone directivity of an antenna in a given direction is the
ratio of the radiation intensity in that direction to the average radiation
intensity of the antenna. The far zone gain is the product of the directivity
and the radiation efficiency. The radiation efliciency is the ratic of the total
power radiated by the antenna to the total power input to the antenna. The
far zone gain is simply related to the far zone electric field by

|Er(8,9)*

Gr(09) = 3P, '

(2.3)
where P, is the total power input to the antenna.
Corresponding to Equation 2.2, we can define a near zone field as

En(r.9,¢) = re®™ E(r,0,¢). (2.4)

Note that Ey is a function of r as well as 8 and ¢, since for finite r, the

radial dependence of E is not exactly =" /r. However, as r gets large, Ex

will become independent of r and approach Ep. We now define the near

zone gain as

En(r, 8,011
0P, '

The advantage of the above definition of near tone gain is that it allows
G n 1o be directly compared to Gp without the need for a radial dependent
scale factor. Also, as r gets large Gh will approach Gg.

If in Equation 2.3 we inser: the 8 component of the electric field, then
we obtain the 6 polarized gain, If we insert the & polarization, then we get
the ¢ polarized gain. Similarly, the near zone gain of Equation 2.5 has #,
4, and & components.

Next consider the definition of RCS in the near and far zone. We will
still denote Elr. 8.4) as the radiated field of the target, but we will now
assuine that the larget currents were induced by a plane we - of magnitude
E, incident from the direction {8,,¢,). The far zone bistatic echo area or
RCS 1s given by

Gu(r,8.9) = (2.5)

x %E}‘(G, é)!z .

or(0,0) = 4x =

(2.6)




If (8,4) = (6;, ¢:), then o is referred to as the backscatter RCS. If (8, ¢) =
(m — 6;, 7 + @), then oF is referred to as the forward RCS. Similarly we will
define the near zone bistatic RCS as

|En(r,8,0)1

on(r,0,¢) = 4r T

(2.7)
or has four components, corresponding to the possible polarizations of
the incident and far zone scattered plane waves. These are:

§ incident and § scattered
é incident and ¢ scattered
8 incident and q‘S scattered
o incident and & scattered.
ox has the above four components plus
6 incident and § scattered
¢ incident and § scattered

since the near rone scatiered field cun have a radial component. ESP [V
will output the magnitude and phase of the near or far sone gain and RCS.
By the phase of the near or far zone sun or RCS, we mean the phase of
Ey or Ep,respectively.

The computation of near gone fields will be illustrated with the four
clement dipole array shown in Figure 2.1. Here we have four A/2 dipoles
located A/4 in front of a perfectly conducting 1.2X x (.75 refle-ting plate.
A three view plot of the wire and plale geometry, supplied by the ESP cede,
it shown in Figure 2.2. Here it can be seen that for the MM solution each
dipole is split into 4 equal segments, which results in 3 piecewise sinusoidal
modes on each dipole. The plate is modelled by 38 surface patch modes.
The dipnles are perfretly candneting with a radine of 6005\ Each dipole ie
fed by an in phase one volt generator, which in the far rone will produce a
beam maximum on the +x axis, that is at 8 = 80° and ¢ = 0. We will now
show that as the radius of the near zone gain patterns for the dipole array
increases, the near zone gain patterns approach the {ar zone gain patterns.




.2A X 075\ PLATE

1 A/8
\/4 z Ly

et : :

A/2 DIPOLE

Figure 2.1: Top View of four A/2 dipoles loceted A/4 in front of a
1.2 x 0.75 reflecting plate.

Far the dipole array, Figures 2.3,2.4 show the far sone gain in the az-
imuth plane # = 80% and in the elevation plane ¢ = 0. Qunly the é polariza-
tion is shown, since in these planes there is no ¢ polarizstion. By contrast
Figures 2.3-2.9 show the 6 polarized near rone gain in the asimuth plane
and for r = 0 7,1, 2,5, aud 10 A. Figures 2.10-2.14 and 2.15-2.19 show the
9 and &, polarized near sone gain in the elevation plane and for the same r
values. Note that all of thisse patiern plots are supplied by the ESP code.

Comparing Figures 2.3 and 2.5 shows that the near zone azimuth plane
pattern at r = 0.7) is considerably different from the far tone pattern.
In particular, the peak gun at r = 0.7 is 7.2 dB, as compared to 9.3
dB in the far zone. Also, the beamwidth at r = 0.7X is much wider then
the beamwidth in the far zone. There are twe main roasons for these
differences.  First. the nniform phase taper will produce radiation from
each dipole which adds in phase at 8 = 30° and 9 = 0 in the far zone zone,
but not at r = 0.7A. Thus, the peak near zone gain is less than the peak
far zone gain. Second, in the near zone the end elements in the dipole array
are much closer to the field points near @ = +80° than the center elements.
This increases the field intensity near & = 490" and thus increases the near




GEOMETRY FOR 4 ELEMENT DIPOLE ARRAY

12 WIRE MODES

38 PLATE MODES

@ ATTACH. MODES
59 TOTAL MODES

lSCHLEI= 0.448 )

- L BXIS VIEMW

'

X AXIS VIEW Y AXIS VIEW

Figure 2.2: A three view sketch of the four element dipole array and re-
flecting plate of Figure 2.1.




zone beamwidth. Comparing Figure 2.3 to Figures 2.5-2.9 shows that as r
increases, the near zone azimuth patterns approaches the far zone pattern.

Figures 2.10-2.14 show the é polarized near zone elevation plane patterns
atr =0.7,1,2, 5, and 10 . Comparing Figures 2.4 and 2.10 shows that the
aear zomne elevation plane pattern at » = 0.7X is considerably different than
the far zone pattern. However, comparing Figure 2.4 to 2.10-2.14 shows
thit as r increases the near zone elevation plane patierns approach the far
zone jactern.

In the {ar zone the & component of ali fieids is zero, but in the near zone
it is not. For the dipole array Figures 2.15-2.19 show the £ polarized gain
in the near zone and for r == 0.7, 1, 2, 5, and 10 A. Note that as r increases,
the level of the £ polarized gain decreases from -6.4 dB at r = 0.7) to -22.6
dB at » = 10A.

Next we will consider the RCS of the dipole array shown iu Figures
2.1 and 2.2. For a 6 polarized incident and scattered plane wave, Figure
2.20 shows the far zone backscatter RCS pattern in the azimuth plane
0 = 90°. Figures 2.21-2.25 show the corresponding near zone RCS patterns
for r = 0.7, 1, 2, 5, and 10 A. Although the RCS is shown in units of
dB over a square meter, in this case it is equivalent to dB over a square
wavelength, since the computations were made at a frequency of 300 Mhz
(A = 1 meter). Compariug Figures 2.20 and 2,21 shows that the RCS at
r = 0.TA is considerably different from the far zone RCS. However, as r
increases, the near zone RCS does approach the far zone RCS.

In summary, the capability to compute near zone fields has been added
to the ESP code. Other than numerical integrations, no approximations
are involved in the computation of the near zone fields, which arve not also
made in the computation of the far zone fields. The above data suggests
that we have properly modified ESP to compute near zone fields. The
main limitations are that if the field point gets too close to the wire/plate
geometry, artificial slope discontinuities in the MM expansion modes wil
cause anomalous behavior in the computed near zone fields. For this reason
the field poiat should not be closer than about a tenth of a wavelength {rom
the wirce/plate geometry.




4 ELEMENT DIPOLE ARRAY

FREQUENCY = 300.00 MAZ.
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OOLARIZATION: €
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Figure 2.3: 8 polarized far zone gain for the dipole arrsy iv the azimuth
plane.




& ELENENT DIPOLE ARRAY
FREQUENCY = 300.00 MHZ.
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Figure 2 4: 9 polarizad far zone gain for the dipole array in the elevation
plane.
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4 ELEMENT DIPOLE ARRAY

FREQUENCY = 500.90 MH..

GRIN

POLARTZATION: 8

AZIM. PLANE: 6 = 98° R= 0.700 M
MAXIMUM = 7.200 DB 10 DB/DIV.

/,
&

Figure 2.5: 0 polarized near zone gain at r = 0.7 for the dipole array in
the azimuth plane.

11




4 ELEMENT DIPOLE ARRAY

FREQUENCY = 300.90 MHZ.

GAIN

POLARIZATION: @

AZIM. PLANE: @ = 98" R= 1.000 M
MAXIMUM = 8.300 DB 18 DB/DIV.
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Figure 2.6: § polarized near zone gain at r = 1) for the dipole array in the
azimuth plane,
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4 ELEMENT DIPOLE ARRAY
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Figure 2.7: § polarized near zone gain at
azimuth plane.
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4 ELEMENT DIPOLE ARRAY

FREQUENCY = 300.00 MHZ.
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Figure 2.8: § polarized near zone gai ,
. gain at » = 5 for tl \ .
azimuth plane. or the dipole array in the
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4 ELEMENT DIPOLE ARRAY

FREQUENCY = 300.00 MHZ.

GRIN

POLARIZATION: @

AZIM. PLANE:® = 98° R= 10.000 M
MAXIMUM = §.300 DB 18 DB/DIV.

te g

Figure 2.9: 6 polarized near zone gain at r = 10X for the dipole array in
the azimuth plane,
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4 ELEMENT DIPOLE ARRAY

FREQUENCY = 306@.00 MH..

CARIN

POLARIZATION: 6

ELEV. PLANE:#= ©° R= 0.700 M
MAXIMUM = 7.200 DB 10 DB/DIV.

- 8

S

Figure 2.10: 6 polarized near zone gain at r = 0.7A {or the dipole array in
the elevation plane.
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4 ELEMENT DIPOLE ARRAY

FREQUENCY = 300.80 MHZ.

GAIN

POLARIZATION: 8

ELEV. PLANE:¢= ©° R= 1.000 M
MAXIMUM = 8.380 DB 10 DB/DIV.
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Figure 2.11: 6 polarized near zone gain at + = 1) for the dipole array in
the 2levation plane.
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4 ELEMENT DIPOLE ARRAY

FREQUENCY = 300.08 MHZ.

GAIN

POLARIZATION: 8

CLEV. PLANE:¢= ©@° R= 2.000 M
MAXIMUM = 9.1008 DB 10 DB/DIV.

Figure 2.12: § polarized near zone gain at r = 2A for the dipole array in
the elevation plane.
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4 ELEMENT DIPOLE ARRAY

FREQUENCY = 300.60 MiZ.
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POLARTZATION: @
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Figure 2.13: 6 polarized ucar zone gain at r == 5 for the dipole array in
the elevation plane.
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4 ELEMENT DIPOLE ARRAY

FREQUENCY = 300.00 MHZ.

GARIN

POLARIZATION: 8

FLEV. PLANE: ¢ = 8" R= 10.600 M
MAXIMUM = 9.300 DB 19 DB/DIV.

Figure 2.14: 8 polarized near zone gain at v = 10 for the dipole array
the elevation plane. :




4 ELEMENT DIPOLE ARRAY

FREQUENCY = 300.00 MHZ.

AIN |

POLARIZATION: 'R~ -

FLEV. PLANE: @ = ©° 'R= ©.708 M

MAXIMUM = -6.408°DB 1@ DB/DIV.
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Figure 2.15: # polarized near zone gain at r = 0.7) for the dipole array in
the elevation plane.
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4 ELEMENT DIPOLE ARRAY

FREQUENCY = 30@.00 MHZ.

CRIN

POLARIZATION: R

ELEV. PLANE: ¢ = ©° R= 1.000 M
MAXIMUM = -6.3080 DB 10 DB/DIV.

Figure 2.16: ¢ polarized nqair zoue gain at r = 1A for the dipole array in
the elevation plane. . AT ‘
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4 ELEMENT DIPOLE ARRAY

FREQUENCY = 300.00 MHZ.
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Figure 2.17: £ polarized near zone gain at » == 2A for the dipole array in
the elevation plane.
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4 ELEMENT DIPOLE ARRAY

FREQUENCY = 300.00 MHZ.
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Figure 2.18: £ polarized near zone gain at r = 5 for the dipole array in
the elevation plane.
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4 ELEMENT DIPOLE ARRAY

FREQUENCY = 300.00 MHZ.

GRIN

POLARIZATION: R

ELEV. PLANE: ¢ = ©@° R= 10.000 M
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Figure 2.19: T polarized near zone gain at » = 10 for the dipole array in
the elevation plane.
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4 ELEMENT DIPOLE ARRAY .
FREQUENCY = 300.00 MHZ.
BACKSCATTER

POLARIZATION: 6-IN  6-0UT
AZIM. PLANE: 9 = 99° R = o
MAXIMUM = 11.500 0B/M® 10 DB/DIV.

e

.F‘igure 2.20: The § polarized far zone backscatter RCS for the dipole array
in the azimuth plane.
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4 BLEMENT DIPOLE ARRAY
FREQUENCY = 300.00 MHZ.
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AZIM. PLANE: 6= 90° R= ©.700 M
MAXIMUM = 9.5@0 DB/M® 18 DB/DIV.
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Figure 2.21: The 6 polarized near zone backscatter RCS for the dipole array
at » = 0.7) in the azimuth plane.
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4 ELEMENT DIPOLE ARRAY N
FREQUENCY = 300.08 MHZ.
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Figure 2.22: The § polarized near zone backscatter RCS for the dipole array
at » = ) iu the azimuth plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY = 308.08 MHZ.
BACKSCATTER

POLARIZATION: 6-IN  6-0UT
AZIM. PLANE:® = 98° R= 2.000 M
MAXIMUM = 11.500 DB/M® 10 DB/DIV.
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Figure 2.23: The § polarized near zone backscatter RCS for the dipole array
at r = 2) in the azimuth plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY = 300.0@ MHZ.
BACKSCATTER

POLARIZATION: @-IN  6-0UuT

AZIM. PLANE:® = 98° R= 5.000 M
MAXIMUM = 11.600 DB/M* 1@ DB/DIV.

Ty

Figure 2.24: The 6 polarized near zone backscatter RCS for the dipole array
at » = 5) in the azimuth plane.

30




4 ELEMENT DIPOLE ARRAY
FREQUENCY = 300.08 MHZ.
BACKSCATTER |
POLARIZATION: O-IN  6-0UT

AZIM. PLANE:® = 98° R= 10.000 M
MAXIMUM = 11.60@ DB/M* 10 DB/DIV.

-

Figure 2.25: The 8 polarized near zone backscatter RCS for the dipole array
at r = 10A in the azimuth plane.
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Figure 2.26: Side view of a thin dielectric plate.

2.2 Thin Dielectric Plates

Previous versions of the ESP have been limited to treating plates of gero
thickness and perfect conductivity. In this section we will describe the use
of the sheet impedance approximation which will permit version 1V of ESP
to treat electrically thin dielectric plates.

Figure 2.26 shows the side view of a dielectric plate of thickness T and
relative dielectric constant ¢ = ¢/¢y immersed in free space with permit-
tivity ¢ = 8.85 x 10712 F/m. If the slab is lossy, then ¢, will be complex.
The sheet impedance approximation is valid provided:

1. The dielectric plate is sufficiently thin that the electric field is essen-
tially uniform throughout its thickness. This will be the case provided
/& T} < 1, where k is the free space wavenumber.

2. The dominant polarization of the clectric field in the dielectric slab is
parallel to the broad surfaces of the elab. This assunption is usually
best satisfied when the incident field is polarized parallel to the broad
surfaces of the slab or if |¢,| > 1.
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If the above assumptions are satisfied, then the thin dielectric plate can
be modeled as a zero thickness plate with sheet impedance [4]-(8]

1

Z, = ———m= . 28
Jweo(e, ~ 1)T (28)

The sheet impedance of a multilayer slab is simply the parallel combination
of the sheet impedance of each layer [8]. For example, if we have a two layer
slab, and if Z,, and Z,, denote the sheet impedance of the individual layers,
then the sheet impedance of the two layer slab is

Zal Z.z
Za+ 2y
From Equation 2.8 it can be seen that if the dielectric slab is lossless, then

Z, is pure imaginary. If the slab is very lossy, such that lm(e,) 3 Re(e,),
then Equation 2.8 becomes

2, = (2.9)

Zy= . 0, (2.10)

where ¢ is the conductivity of the material. A material with pure real sheet
impedance, as given by Equation 2.10, is refarred to as a resistive sheet.

Probably the main advantage of the sheet impedance approximation is
that it is relatively simple (&8 compared to more exact niodels) to imple-
ment. In particular, assume one has a surface patch MM computer code
for perfectly conducting plates, such as the ESP code. Then to inodify this
code to treat plates with a shicet impedance, it is only necessary to add the
term

AZmn = j 23 Ja ds (2.11)

men
to the mn term in the MM impedance matrix for the perfectly conducting
plates, In Equation 211, Ju, ie the mtd MM basis function, and the in-
tegration is over that portion of the surface where Jyy, Ju, and Z, are all
aon-zero, Note that the integration in Equation 2.11 iz reasonably simple,
even if Z, varies over the surface. I 2, = 0, then AZ.. = 0. A sheet
i.pedance plate is thus a generalization of the perfectly conducting plate,
with the perfectly conducting plate being the special case 2, = 0. ESP
Version IV has been set up to allow the user to specify a different 2, for
each plate. Thus, ESP IV will be able to treat combinations of periectly
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conducting and thin dielectric plates. Also, ESP IV will be able to compute
the near or far zone fields of a surface impedance plate.

In our present implementation of the MM solution for a sheet impedance
plate, we use the same current expansion or basis functions as for perfectly
conducting plates. On a perfectly conducting plate the normal component
of the surface current density goes to zero at the edges of the plate, and our
basis functions enforce this condition. However, on a sheet impedance plate,
the normal component of the surface current density need not vanish. Thus,
the basis functions presently being used for sheet imnpedance plates are not
optimum. The solution to this probiemis to augment our present expansion
modes with a series of edge modes which allow for a finite normal component
of current at the edges of the sheet impedance plates. As described beiow,
this has been done for a single plate (see Figures 2.36,2.37 below), but a
general technique not not been implemented in the ESP code.

The first example of the use of the sheet impedance model for a thin
dielectric plate is shown in the insert in Figure 2.27. Here we have a 0.813
A square dielectric plate of thickness T = 0.051 A and relative dielectric
constant ¢ = 4. Using Equation 2.8, this dielectric plate has a sheet
impedance of Z, = —)392 Q). Figure 2.27 shows a comparison of the mea-
sured (9] and computed RCS in the elevation plane and for ¢ polarization.
The same data is shown for the & polarization in Figure 2.28. Although
there is overall agreement between computed and measured resuits in these
figures, there are also noticeable differences. One reason for the differences
is that for this dielectric plate

ke, T = 0.64

which is somewhat large to expect highly accurate resulis from the sheet
impedance model. Alza, for the 8 polarized RCS of Figure 2.28, near geating
incidence {8, = 0, 180°) the incident ficld is polorized perpendicular to
the broad surfeces of the plate. Thus, in this case the dominant electsic
field in the dielectric will be perpendicular to the broad surfaces of the
siah. As described above, this violates the second condition for the sheet
impedance approximation. We note that the presence of the elecinc field
perpendicular to the broad surface of the dielectric plate can be accounted
for by a magnetic sheet current, however, the complexily of the resulting
solution is greatly increased [10].
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Figure 2.27: The RCS of a 0.813 A square dielectric plate at 300 Mhz. and
for ¢ polarization
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The second example of the use of the sheet impedance model is illus-
trated in the insert in Figure 2.29. Here we have a dielectric cylindrical shell
of height 3.73 cm, outer radius 1.27 cm, shell thickness T' = 0.254 c¢m, and
relative dielectric constant ¢, = 2.54. Using Equation 2.8, at f = 6.03 Ghz
this dielectric shel! is equivalent to the sheet impedance Z, = —3763 (.
For the purpose of the MM model, the circular cylindrical dielectric shell
is modelled by a zero thickness octagonal cylinder of radius 1.14 cm and
surface impedance —)763 ). 56 surface patch modes are used to model
the current on the cylinder.

Figures 2.29 and 2.30 show the dielectric cylinder elevation plane RCS
patterns for the § and ¢ polarizations. In these curves the solid line is
measurements by Van Doeren [11}, the dots are computations by Van Do-
eren, and the x'* are our sheet impedance model computations. For this

dielectric shell
ky/e.T = 0.32.
The agreement between our and Van Doeren’s results is only fair.
As a final example, Figure 2.31 shows a dielectric strip of length 3.048
m, width 0.1829 m, and thickness T' = 0.0001829 m, and with ¢, =4. The
dielectric strip is excited by a unit amplitude Z or & polarized plane wave
incident from the 4y axis, i.e.,

El=E =™ V/m.

At f = 1 GHz, this thin dielectric strip has the equivalent sheet impedance
Z, = 32800 . For a Z polarized incident and scattered wave Figure
2.32 and 2.33 show the magnitude and phase of the near zone scattered
electric field along the y axis (Note: |E|in dB = 20log|E|in V/m). The
solid line is a computation {rom Gupta (12] and the dashed line is the sheet
impedance model. Figures 2.34 and 2.35 show the same data for the &
polarization. In brief Gupta uses a volume polarization current model for
the dielectric strip, and in this way is more exact than our sheet impedance
model. However, he also uses asymptotic and far zone approximations
in finding the fields of the enrrents, and in this way is less exact than our
model. These Figures show almost perfect agreement for the Z polarization,
while the magnitude of the & polarized scattered field is about 1 to 2 dB
below Gupta's computation.

The above three examples illustrate that our implementation of the
sheet ipedance model is capable of producing results within a few dB
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Figure 2.29: The backscatter RCS of a dielectric cylindrical shell for 8
polarization of the incident electric field.
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Figure 2.31: Side view of an electrically thin dielectric plate.

of the correct result. Although these results may be accurate enough for
engineering accuracy, some improvement is possible. In particular consider
Figure 2.34, where our results are a couple of dB below Gupta’s computa-
tions. For this dielectric strip

kye.T = 0.0011,

and the incident field is polarized parallel to the broad face of the strip.
Thus we would expect the sheet impedance approximation to be very ac-
curate, and would not expect the 2 dB difference evident in Figure 2.34.
Thus, as described above, we expect that a substantial portion of the error
in Figure 2.34 is due to the fact that our expansion for the surface current
density on {he sheet impedance plates vanishes at the edges, while the ac-
tual current does not. To test this hypothesis, we added a series of edge
modes which allowed for finite surface current density at the edge of the
sheet impedance plate. Figures 2.36,2.37 repeat the same data as in Figures
2.34,2.35, except the computation included these edge modes. Comparing
Figures 2.34 and 2.36 shows that adding the edge modes considerably im-
proved the agreement between our and Gupta’s results.

In summary we have implemented in the ESP code a simple sheet for
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thin dielectric plates. The simple sheet impedance model is capable of
predicting near or far zone fields to within a few dB of the actual values.
The accuracy of our model could be improved through the addition of the
above described edge modes.
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Figure 2.32: The magnitude (V/m) of the near zone E, ﬁeld, on the line
(z =0,y,z = 0), for the dielectric strip of Figure 2.31 caused by a normally
incident Z polarized plane wave.
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Figure 2.33: The phase of the near zone E, field, on the line
(z = 0,y,z = 0), for the dielectric strip of Figure 2.31 caused by a normally
incident # polarized plane wave.
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(z = 0,y,z = 0), for the dielectric strip of Figure 2.31 caused by a normally
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Figure 235 The phase of the near zone E, field, on the line
(z = 0,y,2 = 0), for the dielectric strip of Figure 2.31 caused by a normally
incident # polarized plance wave.
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Figure 2.36: The magnitude (V/m) of the near zone E, field, on the live

(2 = 0,y,= = 0), for the dielectric strip of Figure 2.31 ceused by £ normally
incident 2 polarized plane wave, Data computed with edge modes.
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Chapter 3

Summary

This report hes described two recent modifications to the ESP code. ESP
15 & user oriented code for the analysis of the electromagnetic radiation and
scattering from geometries consisting of interconnections of ikin wires and
plates. The two modifications or improvements are:

1. the ability to compute near zone radiation and scatter ng patterns
{previously ESP could only compute far zone paticras),

2. the ability to analyze thin diclectric plates through a shee' impedance
model (previously ESP could only analyze perfectly conducting plates).

These two features should be part of the next version (IV) of the ESP code.
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